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Abstract 
The prediction and the assessment of pedestrian wind environment around buildings using numerical simulation have become 
practical at design stages. Therefore, the methodology for the prediction and the assessment of pedestrian wind environment is 
needed. The article describes the basic methodology for assessing the situation of pedestrian zones wind comfort using advanced 
numerical simulation technology. The feature of the methodology is that it is based on results of the cross comparison between 
the results of CFD predictions, wind tunnel tests and field measurements. The aerodynamic model of the city of Moscow with the 
surrounding territories, taking into account the terrain and existing buildings, is shown. 
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1. Introduction 
Currently, the Department for Major Housing Repairs is working out proposals for additional areas for 
pedestrian routs in the historic centre of the city. Location of pedestrian routs is determined based on the presence of 
a particularly significant cultural sites and historical heritage (museums, theatres, monuments); availability of 
recreation facilities (parks, boulevards, parking); communication between the main points of attraction in the 
composition of public spaces with a maximum intensity of walking and pedestrian routs. Authorities seek to make 
Moscow city convenient for walking. In 2014 will be open 37 pedestrian routs. When forming walkways provides 
creation of pedestrian zones regime restrictions or a total ban on traffic conditions and creation of comfortable and 
safe pedestrian traffic on the road network (the adaptation of existing sidewalks and crossings).It should be noted 
that in most countries of the world the aerodynamic "pedestrian comfort" is analyzed during the construction of new 
facilities and the planning of pedestrian areas and recreational areas. In recent years, this practice is beginning to be 
used in Russia. Since the full-scale measurements are very laborious and not always realizable, analysis pedestrian 
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comfort taken hold in two ways: using physical modelling (in this method uses special types of meteorological wind 
tunnels with a long working part) and by numerical simulation [3,4].This article will explain the basic methodology 
for the prediction and the assessment of pedestrian wind environment around buildings. 
2. Methodology 
In computational fluid dynamics calculations of wind flows are reduced to solving a system of differential 
equations describing the motion of a viscous fluid. The system consists of two equations: the equations of motion 
and the continuity equation. In vector form for an incompressible fluid is written as follows: 
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Where ¨ – Laplace operator, – Hamilton operator, p – pressure, t – time,Q – kinematic viscosity coefficient for 
air, ȡ – density,  – the velocity vector field, f
&
– vector field of mass forces. 
 
To simplify the modelling of wind flows are assumed to be incompressible and isothermal, the mass forces are 
not considered. 
Direct solution of the equations based on vortices of all sizes (DNS, Direct Numerical Simulation) with modern 
computer capabilities are practically realizable only for very small flow rates and pure research tasks. 
The LES approach was formed in the early eighties. LES idea is that in contrast to the "global" averaged Navier-
Stokes made them "filter" only on shortwave (with wavelengths smaller than the size of the order and used a 
computational grid) turbulent in homogeneity. But, for this approach they use large computing costs, as in the case 
of DNS. 
Therefore, in modern design practice semi-empirical approach is dominated, which is based on the 
decomposition rate at the time averaged and fluctuating components (3) and the transition to the solution of the so-
called "Reynolds-averaged Navier-Stokes equations" (Reynolds averaged Navier-Stokes Method, RANS). The 
system is not closed and requires additional agreements ("turbulence models"). 
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Solution of the equations can be carried out both in stationary and non-stationary in the formulation.  
Unfortunately, the accuracy (and even practical convergence) of stationary RANS calculations in situations with 
a strong vortex formation is not always satisfactory. Representative testing conducted on a wide range of practical 
problems (including a comparison with the data of wind tunnel tests) allowed to determine the most suitable one for 
this class of turbulence model. Model SST (Shear Stress Transport, transfer of shear stresses, F.Menter, 1993), 
combining the advantages of classical models "k-İ" and "k-Ȧ", provides sufficient accuracy of the results and 
effective convergence of the iterative process, even with relatively coarse meshes and moderate resolution of the 
boundary layer [1]. 
Main provisions of the methodology described above are presented in [12]. Currently being tested by the authors 
in relation to the class of problems approach DES (Detached eddy simulation) effectively integrate technology of 
LES and RANS. 
An important aspect of solving the Navier-Stokes equations is the discretization scheme. The most effective is 
now recognized as finite volume method, which does not require such a detailed modeling of the boundary layer, as 
the finite element method, and more convenient for describing complex computational domains actual developments 
than the finite difference method. Modern approaches (advection scheme of the second order, the use of wall 
functions and increasing the number of integration points in the cell) significantly reduce demand on the 
computational grid and computer resources. 
Recommended dimension of the computational domain is at least one km radius around the zone of interest. 
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As characteristics of the incoming flow profiles are wind speed and turbulence characteristics (intensity and scale 
of the vortex), corresponding to a given wind areas and types of terrain on SNIP. As an "external" boundary 
conditions for the computational domain are used "soft" conditions for the Neumann (null derivatives). 
To account for the roughness of the walls, it is recommended to apply the possibility of "natural" simulation 
(keeping in terrain model, balconies and windows, etc.) instead of matching wall functions or correct their default 
settings. 
Aerodynamics calculations were performed using the software module ANSYS CFX (hereinafter CFX). CFX 
module allows one to simulate laminar and turbulent flows, compressible and incompressible fluid-related problems 
of heat transfer, multiphase flow, boiling processes, combustion, condensation, filtration, chemical reactions, and 
more. CFX supports over twenty different models of turbulence. CFX does not include mesh generators, but allows 
one to import a grid prepared by various programs, in particular in pre-processor ANSYS using ANSYS APDL. 
Important aspect of the numerical simulation of aerodynamics pedestrian zones is an effective construction of the 
finite element mesh (for example, for a given class of problems, it is necessary to choose the right size of cells in the 
surface layer) and the optimal choice of turbulence model. 
To create a finite element mesh special macro has been developed. Macro allows the user to specify the number 
and size of items in different sections of the model mesh elements below 2.5 meters - prism. It was found that the 
experimental results and numerical simulation converge the best when the turbulence model SST was used. Next 
problem was solved for this model using four options grid, characterized by the number of elements in height to the 
foot level. The results showed that for the problems of pedestrian comfort sufficient height to pedestrian level is 5 
items. 
In CFX, as in other packages for fluid dynamics, there is no "built-in" assessment of pedestrian comfort - 
therefore a special program has been developed (on the platform Microsoft. NetFramework and the programming 
language C #), allowing to carry out criteria assessment of aerodynamic comfort in pedestrian zones, consider the 
fluctuating component of the wind and the wind rose (given its seasonality), [6]. 
If it was established that in some areas strong winds cause discomfort for pedestrians, it is necessary to take 
measures to improve the wind regime in the territory. Improvement of local winds territory can be achieved with 
ornamental shrubs and trees. Their modelling, as in wind tunnels, and numerically, is challenging. This is due 
primarily to the complexity of their shape. 
In the numerical simulation of air flow near trees one may use the following approaches: create a realistic model 
of a tree (with branches and leaves); field of simulated wood porous simplified shapes (cone, sphere, parallelepiped, 
etc.).Both approaches have their own difficulties - when they are first connected with the fact that wood explicit 
modelling requires high computational cost. In the simulation tree simplistic as a porous surface, the difficulty lies 
in the selection of loss ratio, which will adequately reflect the real wood wind permeability [2]. 
Numerical calculations were carried out for aerodynamics of pedestrian zones for the following objects: the campus 
of the Technical University of Eindhoven; Moscow State University of Civil Engineering; the district Shinjuku 
(Tokyo); designed shopping complex "Pulkovo outlet" (St. Petersburg); projected LCD "Aquamarine" 
(Vladivostok); LCD "Gasoil City" (Moscow); LCD "Zodiac" (Moscow); LCD "Skayfort" (Moscow), etc. (Figs. 1 
and 2) [7,10,11]. 
   
Fig. 1. Wind speeds in pedestrian areas of the campus of the Technical University of Eindhovenat the western direction of the wind. 
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Fig. 2. Complex "Pulkovo outlet." The computational grid on the surfaces of buildings (left). Calculated streamlines at the western wind (right). 
3. Conclusion 
Methodology for the prediction and the assessment of pedestrian wind environment around buildings is based on 
the numerical solution of steady and unsteady three-dimensional equations of fluid dynamics (Navier-Stokes 
equations in the Reynolds turbulence model RANS) with sampling a finite volume method that allows to adequately 
take into account important factors - the direction and wind profile flows, terrain, surrounding buildings. 
Recommendations for grid generation, the choice of boundary and initial conditions, turbulence models for 
solving this class of problems with respect to the selected base software package (ANSYS CFD) are represented. To 
automate the process of applying the methodology a macro was developed, which implements the optimal training 
grid for pedestrian comfort problems. 
Developed methodology may be applied to assess projected pedestrian routes. Such modeling would help to 
identify areas of strong surface winds and their causes. Analysis of the results allowed us to develop guidelines to 
reduce wind effects in areas of strong winds. 
The project was made under support of Ministry of education and science of Russian Federation (scholarship of 
the President of the Russian Federation). 
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